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SYSTEM FOR ENABLING 
LAZY-REVOCATION THROUGH 
RECURSIVE KEY GENERATION 

RELATED APPLICATIONS 

The following commonly assigned applications, ?led 
concurrently, may contain some common disclosure and 
may relate to the present invention are hereby incorporated 
by reference: 
US. patent application Ser. No. 09/984,928 entitled 

“SYSTEM FOR OPTIMIZED KEY MANAGEMENT 
WITH FILE GROUPS”; 
US. patent application Ser. No. 09/984,926 entitled 

“SYSTEM FOR ENSURING DATA PRIVACY AND 
USER DIFFERENTIATION IN A DISTRIBUTED FILE 
SYSTEM”; and 
US. patent application Ser. No. 09/984,936 entitled 

“SYSTEM FOR ENCRYPTED FILE STORAGE OPTIMI 
ZATION VIA DIFFERENTIATED KEY SIZES”. 

FIELD OF THE INVENTION 

This invention relates generally to cryptographic key 
management. In particular, the invention relates to enabling 
laZy-revocation through recursive key generation in a cryp 
tographic ?le system. 

DESCRIPTION OF THE RELATED ART 

In a conventional cryptographic ?le system, the data (or 
?les) are stored encrypted. This is a convenient feature 
especially if an oWner of the ?les cannot trust the adminis 
trator of the server to provide adequate security measures to 
ensure data privacy. To make the conventional cryptographic 
?le system more user-friendly, users typically try to mini 
miZe the number of cryptographic keys used to encrypt the 
?les. OtherWise, the number of cryptographic keys may be 
equal to the number of ?les that the oWner/user may have on 
the cryptographic keys, Which may make managing the 
cryptographic keys burdensome, and thereby making the 
cryptographic ?le system less user-friendly. 

In one aspect, users share ?les in a cryptographic ?le 
system by having a copy of the encrypted ?le and an 
associated decryption key. In this manner, a user may utiliZe 
the associated decryption key to decrypt the received 
encrypted ?le for access to the ?le. HoWever, in some 
instances, an oWner of a ?le may attempt to prevent a 
previously authoriZed user from future access to the ?le, i.e., 
revoke a user. 

One method for revoking a user by an oWner of the ?le is 
to re-encrypt all the ?les of the oWner With a neW crypto 
graphic key. HoWever, re-encrypting all the ?les is a time 
consuming and burdensome task, especially if the oWner has 
encrypted a number of ?les With the same cryptographic key. 

Another solution for revoking a user is described in 
“Group Sharing and Random Access in Cryptographic Stor 
age File Systems,” Master’s Thesis, Department of EECS, 
MIT June 1999, Written by Kevin Fu, Which is hereby 
incorporated by reference in its entirety. This solution pro 
poses a technique called laZy revocation Where ?les are to be 
re-encrypted With a different key only When the ?le is 
updated. Accordingly, a revoked user is unable to vieW any 
updates to the ?le. In particular, Fu proposes utiliZing a 
‘lock-box’. The cryptographic key used to encrypt a ?le is 
stored in the lockbox. The lockbox is also encrypted With 
another cryptographic key that is stored in a trusted group 
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2 
server. In the event of a user revocation, all the lockboxes 
that the revoked user had access to are marked as ‘dirty’ and 
any subsequent updates to any dirty ?le causes that ?le to be 
re-encrypted. 

Although Fu’s design is an adequate solution, the design 
may have some draWbacks as applied to different types of 
cryptographic ?le system architectures. For instance, in a 
cryptographic system Where the ?le server cannot be trusted 
(or required) to perform user authentication, Fu’s proposal 
may generate a substantial amount of Work for a ?le oWner. 
In particular, in Fu’s proposal, the ?le server and/or group 
server are guaranteed that a revoked user (or unauthoriZed 
user) cannot see the contents of an encrypted ?le. In order 
to meet his constraint in an untrusted server environment, 
Fu’s design can provide security if the design is extended 
such the oWner changes the group key (in the group server) 
and re-encrypts all the lockboxes at the time of revocation. 
Accordingly, this makes revocation expensive in terms of 
user time and computational resources, especially if the 
revoked user had access to a large number of ?les. In 
essence, this constraint alloWs lockboxes to perform laZy 
re-encryption of the ?les, but requires immediate re-encryp 
tion of the lockboxes as opposed to a more ideal scenario 
Where the revocation process does not interrupt the ?le 
oWner. Further, since there are noW tWo encryption keys for 
this ?leithe current and the former keyiadditional key 
storage is required. Further, When a second revocation 
occurs, the current key becomes the former key and any ?les 
protected With the former key must be aggressively re 
encrypted. 

In general, other conventional secure systems that provide 
revocation, such as in UNIX and WINDOWS NT, rely on 
the server checking for user’s group membership before 
granting access. This particular trait requires the servers to 
store (or cache) information regarding users, Which places a 
high trust requirement on the servers and requires all the 
servers to maintain this authentication information in a 
secure and consistent manner. 

SUMMARY OF THE INVENTION 

In accordance With the principles of the present invention, 
one aspect of the invention pertains to a method of enabling 
laZy-revocation in a cryptographic ?le system. The method 
includes revoking access of a user or a plurality of users to 
a ?le and generating a neW version of a key based on a 
current version of the key. The method also includes 
encrypting the ?le With the neW version of the key in 
response to an update of the ?le. 

Another aspect of the present invention relates to a 
method of managing ?les in a ?le system. The method 
includes revoking access of a user from a plurality of user to 
a ?le and generating a neW key from a current key of the ?le 
in response to the revocation. The method also includes 
encrypting the ?le With the neW key. 

Yet another aspect of the present invention pertains to a 
method of accessing ?les. The method includes determining 
a version of a ?le and determining a version of a key. The 
method further includes accessing the ?le in response to the 
version of the ?le and the version of the key matching. 

Yet another aspect of the present invention relates to a 
method for accessing ?les. The method includes determin 
ing a version of a ?le and determining a version of a key. The 
method also includes recursively generating a previous 
version of the key from the key until the version of the key 
matches the version of the ?le. 
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Yet another aspect of the present invention pertains to a 
system for managing ?les. The system includes a ?le system 
con?gured to store ?les and provide access to the ?les, a user 
station, and a security module con?gured to be executed on 
the user station. The security module is con?gured to revoke 5 
access ofa user from a plurality of users to a ?le and is also 
con?gured to generate a neW key from a current key of the 
?le stored on the ?le system in response to the revocation. 
The security module is further con?gured to encrypt the ?le 
With the neW key. 

Yet another aspect of the present invention relates to a 
system for accessing ?les. The system includes a memory, at 
least one processor, and a security module residing in the 
memory and executed by at least one processor. The security 
module is con?gured to determine a version of a ?le and is 
also con?gured to determine a version of a key. The security 
module is further con?gured to access the ?le in response to 
the version of the ?le and the version of the key matching. 

Yet another aspect of the present invention appertains to 
an apparatus for accessing ?les. The apparatus includes 
means for determining a version of a ?le and means for 
determining a version of a key. The apparatus also includes 
means for recursively generating a previous version of the 
key from the key until the version of the key matches the 
version of the ?le. 

Yet another aspect of the present invention concerns an 
apparatus for managing ?les in a ?le system. The apparatus 
includes means for revoking access of a user from a plurality 
of users to a ?le and means for generating a neW key from 
a current key of the ?le in response to the revocation. The 
apparatus also includes means for encrypting the ?le With 
the neW key. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Various features and aspects of the present invention can 
be more fully appreciated as the same become better under 
stood With reference to the folloWing detailed description of 
the present invention When considered in connection With 
the accompanying draWings, in Which: 

FIG. 1 illustrates block diagram of a system utiliZing an 
embodiment of a security module in accordance With the 
principles of the present invention; 

FIG. 2 illustrates an exemplary diagram of a recursive key 
generation process in accordance With an embodiment of the 
present invention; 

FIG. 3A illustrates a diagram of an exemplary ?le struc 
ture utiliZed by an embodiment of the present invention; 

FIG. 3B illustrates a diagram of an exemplary crypto 
graphic key structure utiliZed by an embodiment of the 
present invention; 

FIG. 4 illustrates a diagram of an exemplary architecture 
of the security module shoWn in FIG. 1 in accordance With 
an embodiment of the present invention; 

FIG. 5 illustrates an exemplary ?oW diagram for an 
operational mode of the security module shoWn in FIGS. 1 
and 4 in accordance With an embodiment of the present 
invention; 

FIG. 6 illustrates an exemplary ?oW diagram for a second 
operational mode of the security module shoWn in FIGS. 1 
and 3 in accordance With an embodiment of the present 
invention; and 

FIG. 7 illustrates an exemplary block diagram of a com 
puter system Where an embodiment of the present invention 
may be practiced. 
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4 
DETAILED DESCRIPTION OF A PREFERRED 

EMBODIMENT 

For simplicity and illustrative purposes, the principles of 
the present invention are described by referring mainly to an 
exemplary embodiment of a security module. HoWever, one 
of ordinary skill in the art Would readily recogniZe that the 
same principles are equally applicable to, and can be imple 
mented in, all types of systems requiring cryptographic key 
management, and that any such variation does not depart 
from the true spirit and scope of the present invention. 
Moreover, in the folloWing detailed description, references 
are made to the accompanying draWings, Which illustrate 
speci?c embodiments in Which the present invention may be 
practiced. Electrical, mechanical, logical and structural 
changes may be made to the embodiments Without departing 
from the spirit and scope of the present invention. The 
folloWing detailed description is, therefore, not to be taken 
in a limiting sense and the scope of the present invention is 
de?ned by the appended claims and their equivalents. 

In accordance With the principles of the present invention, 
a cryptographic ?le system may be con?gured to provide the 
capability of performing laZy-revocation Without increasing 
the number of cryptographic keys in the cryptographic ?le 
system. In particular, an oWner of encrypted ?les may 
revoke a user access to a selected encrypted ?le(s) by 
generating a neW version of a cryptographic key to the 
selected ?le utiliZing a security module con?gured to gen 
erate the neW version of a cryptographic key from a current 
version of the cryptographic key. The security module may 
be con?gured to generate the neW cryptographic key by 
encrypting the current cryptographic key With the oWner’s 
asymmetric private key: Ki+1:EP,[Kl-], Where the ?le oWner 
may only generate the subsequent versions of the crypto 
graphic keys. The neW version of the cryptographic key may 
be used to re-encrypt the selected ?le. Subsequently, the neW 
version of the cryptographic key may be distributed to 
authoriZed users. 

In another aspect of the present invention, since subse 
quent versions of the cryptographic keys are generated based 
on a previous version of the cryptographic key, an autho 
riZed user may utiliZe the security module to access previous 
versions of the encrypted ?le While holding the current 
version of the cryptographic key. In particular, an oWner 
may have multiple versions of a selected encrypted ?le. 
Each version of the selected encrypted ?le has a correspond 
ing cryptographic key. An oWner may revoke access privi 
leges to a user to subsequent later versions of the selected 
encrypted ?le by generating a neW cryptographic key 
according to the method described herein above and in 
further detail beloW based on the current cryptographic key. 

HoWever, an authorized user may access encrypted ?les 
that have been encrypted With the current cryptographic key 
or earlier. Since each version of the cryptographic keys is 
generated by utiliZing the oWner’s asymmetric private key 
on the current version of the key, the authoriZed user may 
use the public key of the oWner to generate a previous 
version of the cryptographic key based on the relationship of 
Kl-_l:Epu[Kl-], Where the asymmetric public key is related to 
the oWner’s asymmetric private key. Accordingly, by utiliZ 
ing a recursive key generation technique, an oWner may 
revoke a user While still permitting authorized users access 
to previous versions of the ?le by generating previous 
versions of the current cryptographic key. Moreover, by 
enabling lazy-revocation though recursive key generation, 
the number of keys in the cryptographic system remains 
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minimal since previous versions of cryptographic keys may 
be generated by the authorized user While still barring access 
to unauthorized users. 

In yet another aspect, the present invention may be 
utilized to optimize key management for ?le encryption 
groups. A ?le encryption group may be a group of ?les 
encrypted With the same cryptographic key. For example, a 
?le encryption group may contain ?les A, B, and C 
encrypted With a current cryptographic key. An authorized 
reader re-encrypts ?le A With a neW version of the current 
cryptographic key as described herein above and more fully 
herein beloW. The neW version of the key becomes the 
current version of the cryptographic key. Subsequently, an 
authorized user may access ?le A using the current crypto 
graphic key While generating previous versions of the cryp 
tographic key for ?le B and C. Thus, only one cryptographic 
key needs to be stored for the ?le encryption group, thereby 
optimizing key management for the ?le encryption group. 

FIG. 1 illustrates block diagram of a system 100 Where an 
embodiment of the present invention may be practiced. As 
shoWn in FIG. 1, the system 100 includes user stations 110, 
a netWork 120, and a shared ?le system 130. 

The user stations 110 of the system 100 may be con?gured 
to provide access to computer softWare applications and/or 
data. The user stations 110 may be implemented by a 
personal computer, a laptop computer, a Workstation, a 
portable Wireless device, and other similar computing 
devices. 

Each user station 110 may include an application 112, an 
operating system 114 and a security module 115. Although, 
for illustrative purposes only, FIG. 1 illustrates an exemplary 
embodiment of the architecture for the user station 110, it 
should be readily apparent to those of ordinary skill in the art 
that FIG. 1 represents a generalized schematic illustration of 
the user station 110 and that other components may be added 
or existing components may be removed Without departing 
from the spirit or scope of the present invention. 

The application 112 may be softWare computer program 
that is executed on the user station 110. The application 112 
may be a Word processing program, a spreadsheet program, 
a shell program, or any other type of program that generates 
?les to be stored in the shared ?le system 130. The appli 
cation 112 may be interfaced With the operating system 114 
through an application program interface (API, not shoWn). 
The operating system 114 may be con?gured to manage the 
softWare applications, data and respective hardWare compo 
nents (e. g., displays, disk drives, etc.) of the user station 110. 
The operating system 114 may be implemented by 
MICROSOFT WINDOWS family of operating systems, 
UNIX, HEWLETT-PACKARD HP-UX, LINUX, RIM OS, 
and other similar operating systems. 

The operating system 114 of the user station 110 may be 
con?gured to interface With the security module 115. The 
security module 115 may be con?gured to provide the 
capability of recursively generating keys to enable lazy 
revocation in an untrusted server environment. In particular, 
a ?le oWner may utilize the security module 115 to generate 
the next version of key based on the current key version and 
the ?le oWner’s asymmetric private key. Authorized users 
may use the security module 115 to access the encrypted 
?les. Moreover, authorized user may also use the security 
module 115 to generate previous versions of the key to 
access corresponding versions of the ?le based on the 
current key and the asymmetric public key of the oWner. The 
security module 115 may be implemented as a softWare 
program, a utility, a subroutine, or other similar program 
ming entity. In this respect, the security module 115 may be 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
implemented using softWare languages such as C, C++, 
JAVA, etc. Alternatively, the security module 115 may be 
implemented as an electronic device utilizing an application 
speci?c integrated circuit, discrete components, solid-state 
components or combination thereof. 
The user stations 110 may be further con?gured to inter 

face With the netWork 120 through a respective netWork 
interface (not shoWn). The netWork 120 may be con?gured 
to provide a communication channel betWeen each user 
station 110 and the shared ?le system 130. The netWork 120 
may be a Wired netWork (e.g., PSTN, ?ber optic, etc.), 
Wireless netWork (e.g., text messaging, Wireless Application 
Protocol, etc.), or combination thereof. The netWork 120 
may be further con?gured to support netWork protocols such 
as Transmission Control Protocol/Intemet Protocol, IEEE 
802.5, Asynchronous Transfer Mode, Cellular Digital Packet 
Data, MOBITEX, IEEE 801.11b, and other similar netWork 
protocols. 
The shared ?le system 130 may be con?gured to provide 

storage of data and/or softWare applications for the system 
100. The shared ?le system 130 may be a netWork accessible 
disk drive and/or array of disks. 

Optionally, the system 100 may include a key distribution 
center 140. The key distribution center 140 may be con?g 
ured to provide a secure method of transferring encryption/ 
decryption keys Within the system 100. 

In accordance With one aspect of the present invention, an 
oWner may revoke access to a ?le for a user by utilizing the 
security module 115. The security module 115 may be 
con?gured to generate a neW cryptographic key based on the 
current cryptographic key and an asymmetric private cryp 
tographic key of the ?le oWner, i.e., Ki+l:EP,[Kl-]. The 
security module 115 may then utilize the neW version of the 
cryptographic key and the ?le to encrypt the ?le for storage 
on the shared ?le system 130. The security module 115 may 
be also con?gured to attach a header ?le (or metadata) to the 
encrypted ?le. The header ?le may provide the capability for 
other authorized users to determine Which version of the 
cryptographic key Was used to encrypt the ?le. 

In accordance With another aspect of the present inven 
tion, an authorized user may utilize the security module 115 
to decrypt the encrypted ?le With a complementary crypto 
graphic key. Moreover, the security module 115 may be 
con?gured to determine Which version of the cryptographic 
key Was utilized to encrypt a selected ?le. If security module 
115 determines that the selected ?le is encrypted With a 
previous version of the cryptographic key, the security 
module 115 may be further con?gured to generate the 
previous version of the cryptographic key based on the 
current key the authorized user holds and the asymmetric 
public key of the oWner, i.e., Kl-_l:Epu[Kl-]. Accordingly, an 
oWner may revoke a user from future versions of a selected 
?le, While still permitting access by authorized users to the 
previous versions of the selected ?le. Thus, lazy-revocation 
is enabled in an environment Where the server may not be 
trusted. 

In yet another aspect of the present invention, the current 
version of the cryptographic key used in the encryption and 
decryption of the ?les may be a symmetric key or an 
asymmetric read/Write key as disclosed in concurrently ?led 
US. patent application Ser. No. 09/984,926 entitled “SYS 
TEM FOR ENSURING DATA PRIVACY AND USER 
DIFFERENTIATION IN A DISTRIBUTED FILE SYS 
TEM”, Which is hereby incorporated by reference in its 
entirety. 

In particular, When using a symmetric cryptographic key, 
the neW and previous version of the symmetric crypto 
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graphic key may be generated by applying an asymmetric 
private/public key pair, respectively. The asymmetric pri 
vate/public key pair may be generated using asymmetric 
crypto-algorithms such as Rivest-Shamir-Adelman (RSA), 
El Gamal or other similar algorithms. When using asym 
metric read/Write key pairs as the current cryptographic key, 
an El Gamal crypto-algorithm may be utiliZe to generate the 
neW and previous versions of the current cryptographic keys 
as described herein beloW With FIGS. 4 and 5. 

In yet another aspect, the present invention may have 
utility Where groups of ?le are encrypted With the same key 
as disclosed in concurrently ?led US. patent application Ser. 
No. 09/984,928, entitled “SYSTEM FOR OPTIMIZED 
KEY MANAGEMENT WITH FILE GROUPS”, Which is 
hereby incorporated by reference in its entirety. 

In particular, lazy-revocation may be implemented Where 
?le encryption groups are used to access ?les. File encryp 
tion groups are group of ?les that have been encrypted With 
the same cryptographic key. For instance, a ?le A of a ?le 
encryption group may be re-encrypted With a neWer version 
of the cryptographic key, Where the neWer version of the 
cryptographic key becomes the current cryptographic key 
for the ?le encryption group. Files B and C of the ?le 
encryption group may remain encrypted With the previous 
version of the cryptographic key. Subsequently, an autho 
riZed user may access ?le A using the current cryptographic 
key While generating previous versions of the cryptographic 
key for ?le B and C. Thus, only one cryptographic key needs 
to be stored for the ?le encryption group. Accordingly, key 
management for groups of encrypted ?le may be improved 
by maintaining a single cryptographic key. 

FIG. 2 illustrates an exemplary diagram 200 of a recursive 
key generation process in accordance With an embodiment 
of the present invention. As shoWn in FIG. 2, the security 
module 115 may be utiliZed to generate cryptographic key, 
K2, from Kl by the relationship K2:EP,[K1]. In particular, 
the security module 115 may be con?gured to generate K2 
from the private key of the ?le oWner. Similarly, crypto 
graphic key, K3, may be generated by the recursive rela 
tionship of K3:EP,[K2]. 

Moreover, an authorized user may generate previous 
versions of the cryptographic key, K3 by utiliZing the rela 
tionship K2:EPM[K3]. Cryptographic key Kl may be gener 
ated from cryptographic key K2 by the relationship KIIEPM 
[K2] or by the transitive relationship from K3, K1:EPM[EPM 
[K311 

FIG. 3A illustrates a diagram of an exemplary ?le data 
structure 300 utiliZed by an embodiment of the present 
invention. As shoWn in FIG. 3A, the ?le data structure 300 
includes a header portion (or metadata) 310 With a encrypted 
?le 320. The security module 115 may be con?gured to 
attach the header portion 310 onto the encrypted ?le 320 
during the encryption process. The header portion 310 may 
contain information related to the version of the crypto 
graphic key used in the encryption. The header portion 310 
may be implemented using a variety of methods such as a bit 
map. 

FIG. 3B illustrates a diagram of an exemplary key data 
structure 330 utiliZed by an embodiment of the present 
invention. As shoWn in FIG. 3B, the key data structure 330 
may include a header portion (or metadata) 340 With a 
cryptographic key 350, Where the cryptographic key 350 
may be used to encrypt a selected ?le. 

The header portion 340 may be con?gured to provide 
information related to the version of the cryptographic key 
and the ?le oWner. The header portion 340 may be imple 
mented using a variety of methods such as a bit map, bit 
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?elds, etc. The security module 115 may be con?gured to 
initialize the header portion 340 to a value of an initial value 
(e.g., 0 or 1) during the generation of the cryptographic key. 
For each time a neW version of the current cryptographic key 
is generated, the security module 115 may be con?gured to 
increment the value in the header portion 340 by one. The 
security module 115 may be further con?gured to add 
information related to the oWner of the ?le in the header 
portion 340 during the generation of the cryptographic key. 

FIG. 4 illustrates a diagram of an exemplary architecture 
of the security module 115 shoWn in FIG. 1 in accordance 
With an embodiment of the present invention. Although, for 
illustrative purposes only, FIG. 4 illustrates an exemplary 
embodiment of the security module 115, it should be readily 
apparent to those of ordinary skill in the art that FIG. 4 
represents a generaliZed schematic illustration of the secu 
rity module 115 and that other components may be added or 
existing components may be removed Without departing 
from the spirit or scope of the present invention. Moreover, 
since FIG. 4 illustrates an exemplary embodiment of the 
security module 115, Where the security module 115 may be 
implemented as a hardWare embodiment, a softWare 
embodiment, and/ or combination thereof and such embodi 
ments are Well Within the scope and spirit of the present 
invention. 
As shoWn in FIG. 4, the security module 115 includes a 

manager module 410, an application program interface 
(API) 415, a key generation module 420, and an encryption/ 
decryption module 430. The manager module 410 may be 
con?gured to provide management functions for the security 
module 115. For example, the manager module 410 may be 
con?gured to determine Whether to generate a previous 
version of a cryptographic key. The manager module 410 
may be also con?gured to initiate the generation of a 
subsequent (or next) version of key based on the current 
version of a cryptographic key and an asymmetric private 
key of the ?le oWner. 
The manager module 410 may be further con?gured to 

interface With the key generation module 420. The key 
generation module 420 may be con?gured to recursively 
generate future versions of a current cryptographic key 
and/or recursively generate previous versions of the current 
cryptographic key. In one aspect of the present invention, the 
key generation module 420 may be con?gured to generate 
the versions of the cryptographic keys based on an asym 
metric private/public key pair of the ?le oWner, Where the 
cryptographic key is a symmetric key. The key generation 
module 420 may create randomly-generated keys for use in 
a symmetric crypto-algorithm such as DES, 3DES, Rijndael, 
etc. 

In another aspect of the present invention, the key gen 
eration module 420 may be con?gured to generate neW and 
previous versions of an asymmetric read/Write crypto 
graphic keys based on an asymmetric crypto-algorithm. In 
particular, the El Gamal cryptosystem is used to generate the 
neW and previous versions of the current asymmetric read/ 
Write key pair. When a ?le oWner creates a ?le, the ?le oWner 
may generate a large random prime number, p: a number, g, 
called the generator on Z”; (the multiplicative group mod p); 
and a current cryptographic key version, Kl- based on the El 
Gamal crypto-algorithm. The random prime number, p, may 
be distributed to all the readers and Writers of the ?le and the 
number, g, may be distributed to the only the Writers of the 
?le. 
A user, as part of the reader group, may utiliZe the 

cryptographic key generated by the El Gamal cryptosystem 
in conjunction With the number, g, as a cryptographic read 
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key, i.e., (K, g). A user, as part of the Writer group, may 
utilize the cryptographic key, the random prime number, p, 
and the number, g, as a cryptographic Write key, i.e., (K, g, 
P) 

The manager module 410 may be further con?gured to 
interface With the encryption/decryption module 430. The 
encryption/decryption module 430 may be con?gured to 
provide encryption and decryption services to the security 
module 115. In particular, the encryption/decryption module 
430 may encrypt ?les With a current version of a crypto 
graphic key. The encryption/decryption module 430 may 
also decode the encrypted ?les With a complementary cryp 
tographic key for an authorized user to access the ?le. 

The manager module 410 may be further con?gured to 
interface With an optional memory module 440. The 
memory module 440 may be con?gured to provide storage 
for the cryptographic keys. In one contemplated embodi 
ment, an oWner of a ?le may temporarily store the crypto 
graphic keys used in the system 100 (shoWn in FIG. 1) in the 
memory module 440. The memory module 440 may be 
implemented using a ?oppy disk drive, a memory stick or 
other similar memory devices, Which the medium may be 
stored in a secure location (e.g., a vault or locked draWer). 
The manager module may be yet further con?gured to 

interface With an optional authentication module 450. The 
authentication module 440 may be con?gured to provide 
authentication services for the security module 115. In 
particular, the authentication module 340 may be con?gured 
to query the key distribution center 140 for authentication of 
a user requesting access to a selected ?le. 

FIG. 5 illustrates an exemplary ?oW diagram 500 for an 
operational mode of the security module shoWn in FIGS. 1 
and 3 in accordance With an embodiment of the present 
invention. Although, for illustrative purposes only, FIG. 5 
illustrates a How diagram for the security module 115 With 
the folloWing steps, it should be readily apparent to those of 
ordinary skill in the art that FIG. 5 represents a generalized 
illustration of an embodiment of the security module 115 
and that other steps may be added or existing steps may be 
removed Without departing from the spirit or scope of the 
present invention. 
As shoWn in FIG. 5, in step 505, the manager module 410 

of the security module 115 may be con?gured to be in an idle 
state, monitoring the API interface 415. In response to a 
detecting a revocation event from the API interface 415, the 
manager module 410 may be con?gured to retrieve the 
current version of a cryptographic key of a ?le oWner, in step 
515. The manager module 410 may initiate this operation in 
response to a ?le oWner revoking ?le access to a user Which 

is detected in step 510. The current cryptographic key may 
be supplied by the ?le oWner through a user interface of the 
user station 110 (shoWn in FIG. 1). Alternatively, the ?le 
oWner may have stored the current cryptographic key in the 
memory module 440 of the security module 115 or the ?le 
oWner may have retrieved the current version of the cryp 
tographic key from the key distribution center 140. 

In step 520, the manager module 410 may be con?gured 
to retrieve a private cryptographic key (e.g., EP, shoWn in 
FIG. 2) of the ?le oWner. The private cryptographic key may 
be part of an asymmetric cryptographic private/public key 
pair. The asymmetric cryptographic private/public key may 
be utilize to generate the neW and previous version of the 
current cryptographic key, respectively. 

In step 525, the manager module 410 may be con?gured 
to pass the current cryptographic key and the asymmetric 
cryptographic private key of the ?le oWner to the key 
generation module 420. The key generation module 420 may 
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10 
be con?gured to generate a next version of the current 
cryptographic key represented by the relationship of 
Ki+1 :EPr[Ki] - 

In step 530, the manager module 410 may be con?gured 
to retrieve the value of the current version of the crypto 
graphic key from the header portion 340. The manager 
module 410 may increment the retrieved value and place the 
updated value into the header portion 340 of the key data 
structure of the next version of the current cryptographic 
key. 

In step 535, the manager module 410 may be con?gured 
to pass the subsequent or next version of the current cryp 
tographic key and the selected ?le(s) (or a pointer(s) to the 
selected ?le(s)) to the encryption/decryption module 430. 
The encryption/decryption module 430 may be con?gured to 
encrypt the selected ?les(s) With the next version of the 
cryptographic key. 

In step 540, the manager module 410 may be con?gured 
to forWard the encrypted ?le and the header portion to the 
operating system 114 for storage on the shared ?le system 
130. Subsequently, the manager module 410 may be con 
?gured to return to an idle state. 

FIG. 6 illustrates an exemplary ?oW diagram 600 for a 
second operational mode of the security module 115 shoWn 
in FIGS. 1 and 4 in accordance With an embodiment of the 
present invention. Although, for illustrative purposes only, 
FIG. 6 illustrates a How diagram for the security module 115 
With the folloWing steps, it should be readily apparent to 
those of ordinary skill in the art that FIG. 6 represents a 
generalized illustration of an embodiment of the security 
module 115 and that other steps may be added or existing 
steps may be removed Without departing from the spirit or 
scope of the present invention. 
As shoWn in FIG. 6, in step 605, the manager module 410 

of the security module 115 may be con?gured to be an idle 
state. In step 610, the manager module 410 may be con?g 
ured to determine the version of the cryptographic key used 
to encrypt a selected ?le. In particular, the manager module 
410 may compare the metadata of the cryptographic key that 
an authorized user possess With the metadata of the selected 
?le, Where the respective metadata contains the version 
numbers of the respective cryptographic keys. The manager 
module 410 may be con?gured to initiate this operation in 
response to an authorized user’s action for access to the 
selected ?le. 

In step 615, the manager module 410 may be con?gured 
to determine that the version of the selected ?le is later than 
the version of the cryptographic key that the authorized user 
possesses, the manager module 410 may be con?gured to 
inform the authorized user to request the latest version of the 
cryptographic key from the ?le oWner of the selected ?le in 
step 620 by determining the ?le oWner from the header 
portion of the cryptographic key. Alternatively, the manager 
module 410 may be con?gured to utilize the optional 
authentication module 450 to request the latest version of the 
cryptographic key from the key distribution center 140. 

Otherwise, the manager module 410 may be con?gured to 
determine that the authorized user possesses a later version 
of the cryptographic key than the cryptographic key used to 
encrypt the selected ?le, in step 625. The manager module 
410 may be con?gured to generate a previous version of the 
current cryptographic key that the authorized user holds in 
step 630. In particular, the manager module 410 may be 
con?gured to pass the current cryptographic key that the 
authorized user holds and an asymmetric public key of the 
?le oWner to the key generation module 420. The key 
generation module 420 may be con?gured to generate the 
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previous version of the key based on the relationship of 
Ki:EPu[Ki+1]. The manager module 410 may be con?gured 
to update the metadata of the previous version of the 
cryptographic key and return to the processing of step 610. 

Otherwise, in step 635, the manager module 410 may be 
con?gured to determine that the current version of the 
cryptographic key possessed by the authorized user matches 
the version of the cryptographic key used to encrypt the 
selected ?le. The manager module 410 may be further 
con?gured to pass the current cryptographic key and the 
selected ?le (or a pointer to the selected ?le) to the encryp 
tion/decryption module 430. The encryption/decryption 
module 430 may be con?gured to decrypt the selected ?le, 
in step 640. Subsequently, the manager module 410 may be 
con?gured to return to the idle state of step 605. 

FIG. 7 illustrates an exemplary block diagram of a com 
puter platform 700 Where an embodiment of the present 
invention may be practiced. As shoWn in FIG. 7, the 
computing platform 700 includes one or more processors, 
such as processor 702 that provides an execution platform 
for the security module 115. Commands and data from the 
processor 702 are communicated over a communication bus 
704. The computing platform 700 also includes a main 
memory 706, preferably Random Access Memory (RAM), 
Where the softWare for the security module 115 may be 
executed during runtime, and a secondary memory 708. The 
secondary memory 708 includes, for example, a hard disk 
drive 710 and/or a removable storage drive 712, represent 
ing a ?oppy diskette drive, a magnetic tape drive, a compact 
disk drive, etc., Where a copy of softWare for the security 
module 115 may be stored. The removable storage drive 712 
reads from and/or Writes to a removable storage unit 714 in 
a Well-knoWn manner. A user interfaces With the security 
module 115 With a keyboard 716, a mouse 718, and a display 
720. The display adaptor 722 interfaces With the communi 
cation bus 704 to receive display data from the processor 
702 and converts the display data into display commands for 
the display 720. 

Certain embodiments of the present invention may be 
performed as a computer program. The computer program 
may exist in a variety of forms both active and inactive. For 
example, the computer program can exist as softWare pro 
gram(s) comprised of program instructions in source code, 
object code, executable code or other formats; ?rmWare 
program(s); or hardWare description language (HDL) ?les. 
Any of the above can be embodied on a computer readable 
medium, Which include storage devices and signals, in 
compressed or uncompressed form. Exemplary computer 
readable storage devices include conventional computer 
system RAM (random access memory), ROM (read-only 
memory), EPROM (erasable, programmable ROM), 
EEPROM (electrically erasable, programmable ROM), and 
magnetic or optical disks or tapes. Exemplary computer 
readable signals, Whether modulated using a carrier or not, 
are signals that a computer system hosting or running the 
present invention can be con?gured to access, including 
signals doWnloaded through the Internet or other netWorks. 
Concrete examples of the foregoing include distribution of 
executable softWare program(s) of the computer program on 
a CD ROM or via Internet doWnload. In a sense, the Internet 
itself, as an abstract entity, is a computer readable medium. 
The same is true of computer netWorks in general. 

While the invention has been described With reference to 
the exemplary embodiments thereof, those skilled in the art 
Will be able to make various modi?cations to the described 
embodiments of the invention Without departing from the 
true spirit and scope of the invention. The terms and 

12 
descriptions used herein are set forth by Way of illustration 
only and are not meant as limitations. In particular, although 
the method of the present invention has been described by 
examples, the steps of the method may be performed in a 

5 different order than illustrated or simultaneously. Those 
skilled in the art Will recogniZe that these and other varia 
tions are possible Within the spirit and scope of the invention 
as de?ned in the folloWing claims and their equivalents. 

What is claimed is: 
1. A method of enabling laZy-revocation in a crypto 

graphic ?le system, said method comprising: 
revoking access of a user of a plurality of users to a ?le; 
generating a neW version of a key using a recursive key 

generation process by applying a private key to a 
current version of said key; 

encrypting said ?le With said neW version of said key in 
response to an update of said ?le; and 

generating a previous version of said key based on said 
neW version of said key to access a previous version of 
said ?le by applying a public key to said neW version 
of said key. 

2. The method according to claim 1, further comprising: 
distributing said neW version of said key to at least one 

authorized user in response to said update of said ?le. 
3. The method according to claim 1, Wherein said public 

key is part of an asymmetric public/private key pair of said 
?le oWner. 

4. The method according to claim 1, Wherein the private 
key is a private key of a ?le oWner of said ?le. 

5. The method according to claim 4, Wherein said private 
key is part of an asymmetric public/private key pair of the 
said ?le oWner. 

6. The method according to claim 1, Wherein said current 
version of said key is a symmetric key and said neW version 
of said key is generated utiliZing an asymmetric private/ 
public key pair of said ?le oWner. 

7. The method according to claim 1, Wherein said current 
version of said key is an asymmetric key and said neW 
version of said key is generated utiliZing an asymmetric 
private/public key pair of said ?le oWner. 

8. The method according to claim 7, Wherein said asym 
metric private/public key pair of said ?le oWner is generated 
by an El Gamal asymmetric crypto-system. 

9. A method of managing ?les in a ?le system, said 
method comprising: 

revoking access of a user of a plurality of users to a ?le, 
Wherein the ?le is a neW version of the ?le and the 
access of the user is not revoked for previous versions 
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50 of the same ?le; 
generating a neW key from a current key of said ?le in 

response to said revocation using a recursive key 
generation process by applying a private key to the 

55 current key; and 
encrypting said ?le With said neW key. 
10. The method according to claim 9, Wherein the private 

key is a private key of an oWner of said ?le. 
11. The method according to claim 9, further comprising: 
accessing a previous version of said ?le; and 

60 generating a respective previous version of the current 
key by applying a public key to said current key. 

12. A method of accessing ?les, comprising: 
determining a version of a ?rst key used to encrypt a 

65 version of a ?le, Wherein different versions of the ?le 
are encrypted With different versions of the ?rst key 
used to encrypt the ?le and Wherein the different 
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versions of the ?rst key are created using a recursive 
key generation process by applying a private key to the 
?rst key; 

determining a version of a second key; 
accessing said ?le in response to said version of said ?rst 

key used to encrypt the ?le and said version of said 
second key matching; and 

generating a previous version of said second key by 
applying a public key of an oWner of said version of the 
?le to the second key in response to said version of said 
?rst key used to encrypt the ?le being older than said 
version of said second key. 

13. The method according to claim 12, further compris 
1ng: 

requesting access from an oWner of said ?le in response 
to said version of said second key being older than said 
version of said ?rst key. 

14. The method according to claim 12, Wherein the private 
key is a private key of said oWner of said ?le. 

15. The method according to claim 12, further compris 
1ng: 

recursively generating another previous version of said 
second key from said second key until said version of 
said second key matches said version of said ?rst key. 

16. A method for accessing ?les, comprising: 
determining a version of a ?rst key used to encrypt a 

version of a ?le, Wherein di?cerent versions of the ?le 
are encrypted With di?cerent versions of the ?rst key 
used to encrypt the ?le and Wherein the di?cerent 
versions of the ?rst key are created using a recursive 
key generation process by applying a private key to the 
?rst key; 

determining a version of a second key; and 
recursively generating a previous version of said second 

key by applying a public key of an oWner of said 
version of the ?le to said second key until said version 
of said second key matches said version of said ?rst key 
in response to said version of said ?rst key used to 
encrypt the ?le being older than said version of said 
second key. 

17. The method according to claim 16, Wherein said 
generation of said previous version of said second key 
utiliZes an asymmetric public key of said oWner of said ?le. 

18. A method of managing ?les in a ?le system, said 
method comprising: 

revoking access of a user of a plurality of users to a ?le, 
Wherein the ?le is a neW version of the ?le and the 
access of the user is not revoked for previous versions 
of the same ?le; 

generating a neW key using a recursive key generation 
process by applying a private key to a current key of 
said ?le in response to said revocation; and 

encrypting said ?le With said neW key. 
19. The method according to claim 18, Wherein said 

private key is a private key of an oWner of said ?le. 
20. The method according to claim 18, further compris 

1ng: 
accessing a previous version of said ?le; and 
generating a respective previous version of a key from 

said current key by applying a public key to said current 
key. 

21. The method according to claim 20, Wherein genera 
tion of said respective previous version of said key utiliZes 
an asymmetric public key of an oWner of said ?le. 

22. A system for managing ?les, comprising: 
a ?le system con?gured to store ?les and provide access 

to said ?les; 
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14 
a user station; and 
a security module con?gured to be executed on said user 

station, Wherein said security module is con?gured to 
revoke access of a user of a plurality of users to a ?le 
Wherein the ?le is a neW version of the ?le and the 
access of the user is not revoked for previous versions 
of the same ?le, is also con?gured to generate a neW 
key from a current key using a recursive key generation 
process by applying a private key to the current key of 
said ?le stored on said ?le system in response to said 
revocation, and is further con?gured to encrypt said ?le 
With said neW key. 

23. The system according to claim 22, Wherein said 
security module is further con?gured to distribute said neW 
version of said key to at least one authoriZed user in response 
to said update of said ?le. 

24. The system according to claim 22, Wherein said 
security module is further con?gured to generate a previous 
version of said key by applying a public key to said neW 
version of said key to access a previous version of said ?le. 

25. The system according to claim 24, Wherein said 
security module is further con?gured to receive a asymmet 
ric public key of a ?le oWner of said ?le, Wherein said 
generation comprises generating said previous version of 
said key utiliZing said asymmetric public key of said ?le 
oWner of said ?le. 

26. The system according to claim 22, Wherein said 
generation of said neW version of said key utiliZes an 
asymmetric private key of a ?le oWner of said ?le. 

27. A system for accessing ?les comprising: 
a memory; 

at least one processor; and 

a security module residing in said memory and executed 
by said at least one processor, Wherein said security 
module is con?gured to determining a version of a ?rst 
key used to encrypt a version of a ?le, Wherein di?cerent 
versions of the ?le are encrypted With di?cerent versions 
of the ?rst key and Wherein di?cerent versions of the 
?rst key are created using a recursive key generation 
process by applying a private key to the ?rst key, and 
Wherein the security module is also con?gured to 
determine a version of a second key, and is further 
con?gured to access said ?le in response to said version 
of said ?rst key used to encrypt the ?le and said version 
of said second key matching, and generate a previous 
version of said second key by applying a public key of 
an oWner of said version of the ?le to the second key 
in response to said version of said ?rst key used to 
encrypt the ?le being older than said version of said 
second key. 

28. The system according to claim 27, Wherein said 
security module is further con?gured to generate a previous 
version of said second key in response to said version of said 
?le being older than said version of said second key. 

29. The system according to claim 28, further comprising: 
recursively generating another previous version of said 

second key from said ?rst key until said version of said 
second key matches said version of said ?le. 

30. A computer readable medium upon Which is stored a 
computer program including instructions Which When 
executed by a processor cause the processor to perform the 
instructions, comprising: 
means for determining a version of a ?rst key used to 

encrypt a version of a ?le, Wherein di?cerent versions of 
the ?le are encrypted With di?cerent versions of the ?rst 
key used to encrypt the ?le and Wherein di?cerent 
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versions of the ?rst key are created using a recursive 
key generation process by applying a private key to the 
?rst key; 

means for determining a version of a second key; and 
means for recursively generating a previous version of 

said second key by applying a public key to said second 
key until said version of said second key matches said 
version of said ?rst key in response to said version of 
said ?rst key used to encrypt the ?le being older than 
said version of said second key. 

31. The computer readable medium according to claim 
30, further comprising: 
means for requesting access from an oWner of said ?le in 

response to said version of said key being older than 
said version of said ?le. 

32. The computer readable medium according to claim 
30, Wherein said generation of said previous version of said 
key utiliZes an asymmetric public key of said oWner of said 
?le. 

33. A computer readable medium upon Which is stored a 
computer program including instructions Which When 
executed by a processor cause the processor to perform the 
instructions, comprising: 

16 
means for revoking access of a user of a plurality of users 

to a ?le, Wherein the ?le is a neW version of the ?le and 
the access of the user is not revoked for previous 
versions of the same ?le; 

means for generating a neW key from a current key of said 
?le in response to said revocation Wherein the neW key 
is created using a recursive key generation process by 
applying a private key to the current key; and 

means for encrypting said ?le With said neW key. 
34. The computer readable medium according to claim 

33, Wherein said private key is an asymmetric private key of 
an oWner of said ?le. 

35. The computer readable medium according to claim 
33, further comprising: 
means for accessing a previous version of said ?le; and 
means for generating a respective previous version of a 

key from said current key by applying a public key to 
the current key. 

36. The computer readable medium according to claim 
35, Wherein said public key is an asymmetric public key of 
an oWner of said ?le. 


